In VitroImmortalization of Old World Monkey T Lymphocytes withHerpesvirus Saimiri:Its Susceptibility to Infection with Simian Immunodeficiency Viruses  by AKARI, HIROFUMI et al.
VIROLOGY 218, 382–388 (1996)
ARTICLE NO. 0207
In Vitro Immortalization of Old World Monkey T Lymphocytes with Herpesvirus Saimiri:
Its Susceptibility to Infection with Simian Immunodeficiency Viruses
HIROFUMI AKARI,* KAZUYASU MORI,* KEIJI TERAO,* ISAO OTANI,*,† MASASHI FUKASAWA,‡
RYOZABURO MUKAI,* and YASUHIRO YOSHIKAWA*,1
*Tsukuba Primate Center for Medical Science, National Institute of Health, 1 Hachimandai, Tsukuba, Ibaraki 305, Japan; †Department of
Veterinary Pathology, Faculty of Agriculture, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113, Japan; and
‡Institute of Tropical Medicine, Nagasaki University, 12-4, Sakamoto-machi, Nagasaki 852, Japan
Received December 8, 1995; accepted February 13, 1996
Peripheral blood T lymphocytes of Old World monkeys, rhesus and cynomolgus monkey (Macaca mulatta and Macaca
fascicularis, respectively), were successfully immortalized by infection with Herpesvirus Saimiri subtype C. The T cell lines
were stably cultured without addition of exogenous IL-2. The STP-C488 protein, the oncogene product of subtype C strain
488-77, was detected in these cells by Western blotting. They also expressed some markers of activated or matured T cell
phenotypes such as CD2/, monkey Pan-T/, CD25/, CD29/, and MHC-II DR/. Interestingly, not only CD4/CD80 or
CD40CD8/ single positive subpopulations but also CD4/CD8/ double positive ones were present in all of them. Further-
more, they were productively infected with both SIVmac and SIVagm. The levels of the viral replication were comparable
to those in human T cell lines. Thus, Herpes Virus Saimiri-immortalized Old World monkey T lymphocytes will be suitable
for further studies of immune system in Old World monkeys and cell–virus interactions in SIV infection. q 1996 Academic
Press, Inc.
INTRODUCTION which are susceptible to infection with SIV. Human T-
cell leukemia virus type I (HTLV-I) was known to trans-
Herpesvirus Saimiri (HVS) is a member of the gamma form Old World monkey T lymphocytes (Miyoshi et al.,
subfamily of herpesviruses. HVS is apathogenic in its 1982); however, SIV-susceptible cell lines have not been
natural host, the squirrel monkey (Saimiri sciureus), but available as yet.
induces T cell lymphomas and acute lymphocytic leuke- Therefore, we infected PBL of Old World monkeys,
mias in other New World monkeys and rabbits (for re- rhesus and cynomolgus monkeys, with HVS 488-77
view, see Fleckenstein and Desrosiers, 1982). HVS also strain, to establish monkey CD4/ T cell lines. As a result,
immortalizes peripheral blood lymphocytes (PBL) of cot- several T cell lines from these monkeys were established
ton top marmosets (Saguinus oedipus) and common mar- and characterized for their phenotypes including SIV sus-
mosets (Callithrix jacchus) in vitro. Recently, Biesinger et ceptibility.
al. reported that subgroup C of HVS efficiently trans-
formed human primary lymphocytes obtained from the MATERIALS AND METHODS
thymus or peripheral blood resulting in continuously pro-
Cellsliferating T cell lines (Biesinger et al., 1992). Thereafter,
the cell lines have been extensively used for immunologi- OMK-637 cells (Todaro et al., 1978), generously distrib-
cal studies (Berend et al., 1993; Bro¨ker et al., 1993, 1994; uted by Dr. R. C. Desrosiers, were maintained in MEM
De Carli et al., 1993; Del Prete et al., 1994; Hess et al., supplemented with 10% fetal calf serum (FCS) and antibi-
1995; Medveczky et al., 1993; Weber et al., 1993). otics. Rhesus and cynomolgus monkey PBL were sepa-
So far, various human T cell lines have been used as rated from whole blood by centrifugation on Ficol-Hy-
target cells in the study of simian immunodeficiency virus paque gradients and then activated by phytohemaggluti-
(SIV) infection. However, it is known that SIV replicated nin (PHA) treatment. Monkey PBL, CEMx174, and MOLT-
in the human cells has altered some biological character- 4#8 cells were cultured in RPMI-1640 medium (GIBCO)
istics maintained in the original host (Kodama et al., supplemented with 10% FCS, 50 mM of 2-mercaptoetha-
1989). We have tried to immortalize CD4/ T lymphocytes nol, and antibiotics (complete medium).
of Old World monkeys for establishing the target cells
Virus
A 488-77 strain of HVS subtype C, kindly provided by1 To whom correspondence and reprint requests should be ad-
dressed. Fax: 0081-298-37-0218. Dr. R. C. Desrosiers, was inoculated to OMK-637 cells
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and the culture supernatant was filtrated, aliquoted, and
stored at 0807 as stock virus for further experiments.
SIVagm3 (Baier et al., 1989) and SIVmac239 (Naidu et al.,
1988) were donated by Drs. R. Kurth and R. C. Desrosiers,
respectively. SIVagm TYO-1 (Ohta et al., 1988) was do-
nated by Dr. M. Hayami. SIVagm and SIVmac were inocu-
lated to MOLT-4#8 and CEMx174 cells, respectively, and
the culture supernatants were used for infection experi-
ments.
HVS infection
One hundred thousand 50% tissue culture infectious
doses (TCID50) of HVS 488-77 strain were inoculated to
1 1 106 PHA-activated PBL. After overnight incubation
at 377, the cells were washed and resuspended in the
complete medium. They were cultured by exchanging
half volume of the medium every 4 or 5 days without FIG. 1. [3H]Thymidine uptake in monkeys’ PBL immortalized by HVS
addition of exogenous IL-2. 488-77. Tenfold serial dilutions of virus (from 105 to 1 TCID50) and
mock control (indicated as 0) were inoculated to 1 1 106 PHA-activated
PBL of nine cynomolgus monkeys. After 4 weeks culture, they wereMeasurement of the efficiency of immortalization
quantitated for the efficiency of the immortalization by measuring [3H]-by HVS
thymidine uptake. Data indicate the mean of quadruplicate tests. Re-
sults of three monkeys’ PBL were shown as representative.For the first experiment, 1 1 105 activated PBL were
infected with HVS at a multiplicity of infection (m.o.i.) of
The expression of HVS antigens was determined byfrom 100 to 0.01 with serial 10-fold dilution per cell, and
indirect immunofluorescence assay (IFA) using dilutedthen the cells were serially diluted from 1 1 105 to 1 cell
sera from squirrel monkeys in our primate center, whichper 100 ml of complete medium in a 96-well plate. The
were naturally infected with HVS. In brief, the cells fixedcells were cultured as described above. For the second
on slides were incubated with appropriately diluted seraexperiment, 10-fold serial dilutions of virus (from 105 to
at 377 for 30 min. They were washed twice with PBS and1 TCID50) and mock control were inoculated to 1 1 106
incubated with 1:50 diluted FITC-labeled goat immuno-PHA-activated PBL. They were washed, resuspended in
globulin (Ig) against human total Ig (DAKO) at 377 for 302 ml of the complete medium, and divided into four wells
min. They were washed and checked by fluorescenceof 0.5 ml each in a 48-well culture plate, followed by
microscopy. To detect the expression of the protein en-cultivation. The viable cell number was quantitated by
coded by HVS-coding oncogene STP-C488 (Jung et al.,measuring [3H]thymidine uptake.
1991), Western blot analysis was performed. The cell
Flowcytometry lysates corresponding to 105 cells were electrophoresed
through SDS 10–20% gradient polyacrylamide gels. After
Surface markers on HVS-immortalized T lymphocytes
electrophoresis, proteins were transferred to polyvinyl-
were analyzed as previously described (Akari et al., 1995),
idene difluoride membrane (Bio-Rad). The membrane
with modifications. In brief, 3 1 105 cells were reacted
was treated with Block Ace (Snow Brand) and then incu-
with fluorescence isothiocyanate (FITC)- or phycoerythrin
bated with 1:1000 diluted rabbit serum immunized with
(PE)-labeled mouse monoclonal antibodies (mAbs)
the synthetic peptide for STP-C488 protein, which was
against CD2, CD4, CD8, CD25, MHC-IIDR (Becton–Dickin-
generously given by Dr. R. C. Desrosiers. After washing,
son), CD29 (Coulter) of human, and pan-T of monkey,
the membrane was reacted with 1:500 diluted swine
which was the gift of Dr. Y. Murayama (Murayama et al.,
polyclonal antibody against rabbit Ig conjugated with al-
1989). The stained cells were fixed and the fluorescence
kaline phosphatase (DAKO), followed by treatment with
was detected on FACScan (Becton–Dickinson).
nitroluetetrazolium and 5-bromo-4-chloro-3-indolyl-phos-
phate (Boehringer Mannheim) salt solution.Detection of HVS replication and the products
SIV infectionThe amount of infectious virus in the HVS stock was
titrated by monitoring the HVS-induced syncytium in The monkey and human T cell lines were infected with
100 TCID50 of SIVmac or SIVagm, respectively. The cellsOMK-637 cells. The infectious HVS in the supernatants
or the immortalized cells-associated virus were also de- were incubated at 377 for 2 hr, washed, and resuspended
in the complete medium. The culture supernatants weretermined by adding the supernatants or the cells to OMK-
637 cells. harvested every 3 or 4 days for assessing SIV replication.
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FIG. 2. Phenotype of a monkey T cell line, HSC-1 cells: (A) intact cells; (B) cyncytia induced by SIVmac239 at 1 week postinoculation.
Detection of SIV replication ized 1 month postinfection, although the cells which were
infected at an m.o.i. of less than 1 grew slowly. Addition-
SIV replication in monkey and human cell lines was ally, it should be noted that in all the wells which had
measured by RT assay (Willey et al., 1988). Syncytium contained more than 2 1 104 cells, almost of the cells
formation induced by SIV infection was also checked. at more than m.o.i. of 1 were viable. The result indicates
that the density of cell number is seemingly more critical
RESULTS for immortalization than virus dose.
Therefore, we performed another experiment, i.e., 10-Immortalization of Old World monkey PBL by HVS
We employed a strain 488-77 of HVS subtype C in our
study, since the virus has been demonstrated to immor-
talize human primary T lymphocytes resulting in T-cell
lines (Biesinger et al., 1992). To examine the ability of
the virus to immortalize Old World monkey PBL, the virus
was inoculated to PHA-activated PBL of cynomolgus and
rhesus monkeys at an m.o.i. of 0.1. The infected PBL
grew continuously after 1 to 2 months culture and were
stable following more than 1 year culture without exoge-
nous IL-2. On the other hand, monkey PBL without infec-
tion of HVS died within a month.
To measure the efficiency of immortalization by HVS,
we infected HVS to 1 1 105 of activated PBL at an m.o.i.
of from 100 to 0.01 per cell, and then the cells were
serially diluted from 1 1 105 to 1 cell per 100 ml of com-
plete medium in a 96-well plate. As a result, there were
no viable cells in all the wells which had contained less
than 2 1 103 cells after 2 to 3 weeks cultivation, regard-
less of the m.o.i. On the contrary, the number of viable FIG. 3. Detection of STP-488 protein by Western blotting: lane 1,
cells was increased in all the wells which had contained HSC-1 cells; lane 2, HVS-infected OMK-637 cells; lane 3, uninfected
OMK-637 cells.more than 21 104 cells and they seemed to be immortal-
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FIG. 4. Detection of the expression of surface markers on HSC-1 cells by two color flowcytometric analysis.
fold serial dilutions of virus were inoculated to PHA-acti- infected with HVS 488-77 (lane 2), but the band was not
seen from uninfected OMK-637 cells (lane 3). The proteinvated PBL. After 4 weeks, PBL were found to be immortal-
ized, which was dependent on the inoculated virus dose. was also detected from all other monkey cell lines (data
not shown). These data indicate the presence of STP-Figure 1 indicated the amount of uptake of [3H]thymidine
in PBL of three monkeys. PBL inoculated with 105 TCID50 C488 oncogene product.
of virus grew confluently and showed highest [3H]-
Surface markers of HVS-immortalized cell linesthymidine uptake. The viable cells decreased with in-
creasing virus dilution, which was in accordance with
Surface markers of HVS-immortalized cell lines werethe decrease in the [3H]thymidine uptake, although a
analyzed (Fig. 4 and Table 1). HSC-1 and HSC-3 cellssmall number of viable cells were seen in PBL inoculated
were derived from cynomolgus monkeys’ PBL, and HSR-with 10 TCID50 of virus. Similar results were obtained in
1 and HSR-5 cells were from rhesus monkeys’ PBL. Allother six monkeys (data not shown). Therefore, it was
the HVS-immortalized cell lines expressed surface mark-found that the optimal amount of virus to immortalize PBL
ers of CD2, monkey pan-T, CD25, CD29, and MHC-IIDRshould be at least more than m.o.i. of 0.01 to 1 1 106
but not pan-B (Table 1). As for CD4 and CD8 markers,cells.
all cell lines were subdivided not only CD4/CD80 orTo characterize these immortalized cells, we selected
CD40CD8/ single-positive cells but also CD4/CD8/four cell lines (two cynomolgus and two rhesus monkey-
double-positive cells (Fig. 4 and Table 1). Furthermore,derived cells, respectively) and used them for further ex-
they differed in composition of CD4/CD80, CD40periments. These cells seemed to be morphologically
CD8/, and CD4/CD8/ cells: CD4/ cells occupied two-activated lymphocytes (Fig. 2A).
thirds of the population in HSC-3 cells, but much less in
other lined cells, and nearly a half of HSC-1 and HSR-1Detection of viral replication and products of HVS
cell lines was double-positive but one-eighth in cases of
In order to test the HVS production, the cells or the HSC-3 and HSR-5 cell lines.
culture supernatants were added to OMK-637 cells and
Infection of SIVscocultured. None of them induced cyncytia to OMK-637
cells, indicating no detectable infectious virus propaga-
To inquire the susceptibility of the cell lines to SIVs,tion in these immortalized cell lines. Sera from naturally
100 TCID50 of SIVagmTYO-1, AGM3, and SIVmac239HVS-infected squirrel monkeys poorly reacted with these
were inoculated to the monkey and human T cell lines.cell lines but strongly reacted with HVS-infected OMK-
637 cells when examined by IFA test (data not shown).
It was shown that the oncogene STP-C488 had to be TABLE 1
transcribed and translated into protein in HVS-immortal-
Surface Markers of HVS-Immortalized Cell Linesized common marmoset and human T lymphocytes (Bie-
singer et al., 1992; Jung et al., 1991). Therefore, to check Cell line CD2 CD4 CD8 CD4CD8 CD25 CD29 DR
whether the cell lines established in this study also ex-
HSC-1 100 34.6 13.2 51.9 100 100 100press the oncogene and its protein, Western blot analysis
HSC-3 100 66.3 20.5 12.8 100 100 100was performed with polyclonal antibody to the synthetic
HSR-1 100 20.3 23.1 40.4 100 100 100peptide involved in STP-C488 oncogene product. As
HSR-5 100 39.4 32.7 12.4 100 100 100
shown in Fig. 3, the antibody reacted with a protein hav-
ing a molecular size of 20 kDa from an immortalized Note. Values are expressed as percentage of fluorescence-positive
cells. Pan B marker (CD20) was negative.cell line HSC-1 (lane 1) and faintly from OMK-637 cells
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FIG. 5. Growth kinetics of SIV in monkey T cell lines. Cells derived from cynomolgus monkeys, HSC-1 (s) and HSC-3 (l), and rhesus monkeys,
HSR-1 (n) and HSR-5 (m) were inoculated with AGM3 (A) and TYO-1 (B) strains of SIVagm and SIVmac239 strain (C). Human T cell lines (h) were
used as positive control; MOLT-4#8 cells were inoculated with SIVagm, and CEMx174 cells were inoculated with SIVmac, respectively.
The results of viral replication monitored by RT activity efficiency of immortalization by HVS indicate that: (a) HVS
are shown in Fig. 5. The SIVs replicated well in all the infection at an m.o.i. of 1 immortalize almost all T lympho-
monkey cell lines except one combination (AGM3/HSR- cytes and higher dose of the m.o.i. is seemingly not re-
1), when compared with human cell lines. Viral replica- quired for immortalization; (b) the density of cell number
tion was relatively high in HSC-1 cells and was less but is critical for immortalization and the increasing dose of
steady in HSR-5 cells. All SIVs grew weakly or slowly in the m.o.i. is not effective to yield immortalized cells in
HSC-3 cells. As for HSR-1 cells, virus growth differed in lower concentration of cell number (less than 2 1 103
each virus strain; both TYO-1 and mac239 replicated best cells in 100 ml per well). Mittru¨cker et al. showed that
in these four monkey cell lines, but AGM3 did poorly. CD2–CD58 interaction during cell–cell contact is re-
The syncytia induced by virus replication were seen not quired for growth of HVS-immortalized cells, which was
only in human T cell lines but also in all monkey cell different from some other transforming viruses or cancer
lines in which SIV replicated well (Fig. 2B). These data cells (Mittru¨cker et al., 1992). Our data also support their
indicated that these cell lines are highly susceptible to results.
SIV infection. In case of marmoset T lymphocytes immortalized by
HVS, major subset was CD8-single positive one (Desro-
DISCUSSION siers et al., 1986; Kiyotaki et al., 1986). As for human,
the cell lines derived from PBL were CD4/CD80 orIn this paper, we showed for the first time that Old
CD40CD8/ single–positive ones (Berend et al., 1993;World monkey peripheral blood T lymphocytes were able
Biesinger et al., 1992; Medveczky et al., 1993; Weber etto be efficiently immortalized by subgroup C of HVS and
al., 1993). Surprisingly, our cell lines derived from PBLthat the monkey cell lines were highly susceptible to SIV
included CD4/CD8/ double positive subpopulationinfection. HVS has been shown to induce malignant T
(Fig. 5 and Table 1). Although such a cell line expressinglymphomas in several species of New World monkeys,
both CD4 and CD8 markers was also found in case ofand strains of subgroup A and C of HVS were able to
human, it was derived from the thymus. The fact thatimmortalize marmoset PBL in in vitro experiments (Fleck-
rhesus and cynomolgus monkey peripheral T lympho-enstein and Desrosiers, 1982). Recently, Biesinger et al.
cytes contain much higher percentage of double-positivereported that subgroup C but not subgroup A or B of HVS
cells (10–20%) than in human (Reimann et al., 1994; ourefficiently transformed human lymphocytes obtained
unpublished data) is the possible reason of the existencefrom the thymus or peripheral blood resulting in continu-
of double-positive subpopulation in the monkey cell lines.ously proliferating T cell lines (Biesinger et al., 1992). The
The significance of the presence of the cells in peripheraloncogene of a strain 488 of subgroup C, termed STP-
blood has yet to be ascertained, however, from our pre-C488, was shown to have a strong transforming activity
liminary data that in vitro stimulation of peripheral dou-(Jung et al., 1991) and to be expressed in the immortal-
ble-positive T lymphocytes with mitogen resulted in CD4ized human T cell lines (Biesinger et al., 1992). In this
single-positive cells (Murayama et al., unpublished data);study, STP-C488 protein was detected in all the Old
they might be in an early or intermediate stage in differen-World monkey T cell lines, suggesting that the protein
tiation. Further study will be required to elucidate themay be required for immortalization.
The results of experiments for measurement of the immunological significance of them.
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Baier, M., Werner, A., Cichutec, K., Garber, C., Mu¨ller, C., Kraus, G.,Our experiment clearly showed that the newly estab-
Ferdinand, F. J., Hartung, S., Papas, T. S., and Kurth, R. (1989). Molec-lished Old World monkey T cell lines had susceptibility
ularly cloned simian immunodeficiency virus SIVagm3 is highly diver-
to SIVagm and SIVmac. SIVagm was initially isolated gent from other SIVagm isolates and is biologically active in vitro
from its natural host, African green monkeys (AGM) (Ohta and in vivo. J. Virol. 63, 5119–5123.
et al., 1988), and is apathogenic in naturally infected Berend, K. R., Jung, J. U., Boyle, T. J., Dimaio, J. M., Mungal, S. A.,
Desrosiers, R. C., and Lyerly, H. K. (1993). Phenotypic and functionalAGM, and experimentally infected AGM, rhesus, and cy-
consequences of Herpesvirus saimiri infection of human CD8/ cyto-nomolgus monkeys too (Allan, 1991; Baier et al., 1989;
toxic T lymphocytes. J. Virol. 67, 6317–6321.Honjo et al., 1990; Johnson et al., 1990). The genome of
Biesinger, B., Mu¨ller-Fleckenstein, I., Simmer, B., Lang, G., Wittmann,
SIVagm includes several auxiliary genes, vif, vpx, and S., Platzer, E., Desrosiers, R. C., and Fleckenstein, B. (1992). Stable
nef, which are similar to other SIVs (Fukasawa et al., growth transformation of human T lymphocytes by herpesvirus sai-
miri. Proc. Natl. Acad. Sci. USA 89, 3116–3119.1988), whereas these genes have been considered to be
Bro¨ker, B. M., Tsygankov, A. Y., Mu¨ller-Fleckenstein, I., Guse, A. H.,nonfunctional (Shibata et al., 1990) in the study employing
Chitaev, N. A., Biesinger, B., Fleckenstein, B., and Emmrich, F. (1993).human CD4/ T cell lines as target cells. However, some
Immortalization of human T cell clones by Herpesvirus saimiri. J.
of these genes might be functioning appropriately only Virol. 151, 1184–1192.
in the original hosts or their cells. It has been reported Bro¨ker, B. M., Tsygankov, A. Y., Fickenscher, H., Chitaev, N. A., Mu¨ller-
Fleckenstein, I., Fleckenstein, B., Bolen, J. B., and Emmrich, F. (1994).that SIVmac replicating in human T cells resulted in the
Engagement of the CD4 receptor inhibits the interleukin-2-dependenttruncation in the C-terminus of the cytoplasmic domains
proliferation of human T cells transformed by Herpesvirus saimiri.in env gene, but not in rhesus monkey PBL (Kodama et
Eur. J. Immunol. 24, 843–850.
al., 1989). Recently, such truncation was shown to en-
De Carli, M., Berthold, S., Fickenscher, H., Mu¨ller-Fleckenstein, I.,
hance the virus entry and increase in infectivity to human D’Elios, M. M., Gao, Q., Biagiotti, R., Giudizi, M. G., Kalden, J. R.,
cells (Johnston et al., 1993; Zingler and Littman, 1993). Fleckenstein, B., Romagnani, S., and Del Prete, G. (1993). Immortali-
zation with Herpesvirus Saimiri modulates the cytokine secretionThese results indicate the infection of the virus to cells
profile of established Th1 and Th2 human T cell clones. J. Virol. 151,from other than natural host-induced artificial adaptation
5022–5030.and modified the virus tropism. Therefore, it would be
Del Prete, G., De Carli, M., D’Elios, M. M., Mu¨ller-Fleckenstein, I., Fick-
suitable to apply the monkey cell lines for further analysis enscher, H., Fleckenstein, B., Almerigogna, F., and Romagnani, S.
of gene function of SIVs. (1994). Polyclonal B cell activation induced by Herpesvirus saimiri-
Since the finding about the immortalization of human transformed human CD4/ T cell clones. Role for membrane TNF-a/
TNF-a receptors and CD2/CD58 interactions. J. Immunol. 152, 4872–T lymphocytes by HVS, the virus has been applied for
4879.establishing various T cell clones, because antigen spec-
Desrosiers, R. C., Silva, D. P., Waldron, L. M., and Letvin, N. L. (1986).ificity and immune reactivity of the HVS-immortalized T
Nononcogenic deletion mutants of Herpesvirus saimiri are defective
cell clones have been maintained (Berend et al., 1993; for in vitro immortalization. J. Virol. 57, 701–705.
Bro¨ker et al., 1993, 1994; De Carli et al., 1993; Del Prete Fleckenstein, B., and Desrosiers, R. C. (1982). Herpesvirus saimiri and
Herpesvirus ateles. In ‘‘The Herpesviruses’’ (B. Roizman, Ed.), Vol. 1,et al., 1994; Weber et al., 1993). Our results indicate that
Chap. 6, pp. 253–332. Plenum, New York.HVS will also be suitable for immortalization of T cells
Fukasawa, M., Miura, T., Hasegawa, A., Morikawa, S., Tsujimoto, H.,derived from Old World monkeys. Furthermore, our pre-
Miki, K., Kitamura, T., and Hayami, M. (1988). Sequence of simianliminary data showed that these monkey T cell lines were
immunodeficiency virus from African green monkey, a new member
resistant to natural killer cells, indicating usefulness as of the HIV/SIV group. Nature 333, 457–461.
the target cells for ADCC and cytotoxic T lymphocytes Hess, S., Kurrle, R., Lauffer, L., Riethmu¨ller, G., and Engelmann, H.
(1995). A cytotoxic CD40/p55 tumor necrosis factor receptor hybridassays. We now have the study in progress.
detects CD40 ligand on herpesvirus saimiri-transformed T cells. Eur.
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